Methods
Obstructive (n = 12) and non-obstructive (n = 18) HCM patients as well as 10 normal volunteers were included in this IRB-approved study. Obstruction was defined as LVOT pressure gradient > 30 mmHg on patients' most recent echocardiography study (ΔP echo ). Septal thickness, LVOT diameter and septum/free wall ratio were measured on SSFP cine MRI. 4D flow MRI data analysis included correction for eddy currents and velocity aliasing, followed by flow visualization and quantification in dedicated software (EnSight, CEI, Apex, NC). 3D blood flow patterns within the LVOT and AAo were graded for the presence of helical flow (absent = 0, mild/moderate = 1, severe = 2) by two observers blinded to diagnosis, and the results were averaged. MRI-measured pressure gradient (ΔP MRI ) was calculated from the peak systolic 3D blood velocity profile within the LVOT using the simplified Bernoulli equation. (Figure 1 ) The Mann-Whitney U test was used to compare groups and Spearman's (r S ) or Pearson's (r) correlations were used as appropriate.
Results
There was higher grade helical flow in obstructive patients (1.6 ± 0.4) compared to both non-obstructive patients (1.1 ± 0.64, p = 0.04) and controls (0.1 ± 0.31, p < 0.001). Similarly, obstructive patients had higher ΔP MRI (53.8 ± 29.2 mmHg) than non-obstructive patients (33.6 ± 28.6 mmHg, p = 0.048) and controls (10.5 ± 5.6 mmHg, p < 0.001) Non-obstructive patients had higher grade helical flow (p < 0.001) and ΔP MRI (p = 0.004) than controls (Figure 2 ). In the cohort of patients, helical flow correlated with ΔP MRI (r S = 0.58, p = 0.001) and ΔP echo (r S = 0.46, p = 0.01). A significant correlations was also found between ΔP echo and ΔP MRI (r = 0.41, p = 0.03). Interestingly, ΔP MRI tended to be greater than ΔP echo (mean difference: 10.6 ± 35.3 mmHg). There were no correlations observed between helix grade or ΔP MRI with septal thickness, average outflow diameter, or septum/ free wall ratio.
Conclusions
Our results demonstrate that AAo flow derangement assessed using 4D flow MRI is more severe in obstructive HCM than non-obstructive HCM, and is strongly correlated with LVOT pressure gradient. This finding suggests that flow derangement is a unique marker of disease severity in this population. Further studies are required to evaluate how helical flow correlates with patient symptoms and outcomes in HCM. 
